The paper briefly describes main statements of the theory of the SERS spectra with regards to the single molecule regime, when the enhancement achieves the values 
Introduction
Investigation of optical phenomena on molecules, adsorbed on metal surfaces is of great interest both from fundamental and applied points of view. A study of the SERS 2 spectra in the regime, when one can be able to detect a small amount, or even a single molecule [1, 2] is of particular interest. Two mechanisms of SERS are accepted at present:: the electrodynamical one, which causes the value of the enhancement 4 
10
, and a "chemical mechanism", which manifests only in the first layer of adsorbed molecules with the additional enhancement 2 
. The electrodynamical mechanism one usually associates with the enhancement of so-called surface plasmons. In [3, 4] it was demonstrated that the idea of the "chemical mechanism" is mistaken, the additional enhancement Q . The quadrupole interaction can be stronger, than the dipole one and can play a leading role in the enhancement processes. In [5] , it was demonstrated with the help of a crude estimation that the SERS enhancement in the single molecule regime is caused exclusively by the strong quadrupole light-molecule interaction, while the enhancement of the electric field and the enhancement of the dipole interaction have not so valuable role. In the present work we shall demonstrate that the result obtained in [5] is confirmed by the analysis of the SERS spectra of such symmetrical molecule as 4,4'-bipyridine obtained in proper conditions. However, in the case of the TERS techniс application for the single molecule detection, the dipole interaction can be sufficiently strong with respect to the quadrupole one and nonetheless it manifests in the spectra. 
Main statements of the dipole-quadrupole SERS theory
The Dipole-Quadrupole theory of surface enhanced optical processes is published in detail in our works. The SERS theory is published in the monograph [3] , the SEHRS theory is presented in [6] and the SEIRA theory in [7] . Therefore, here we expound only main statements, which are important for this work.
As it is well known, the light-molecule (light-electron) interaction Hamiltonian has the following general form.
Here summation is over all electrons, 
where E is the electric field, e is a polarization vector,  is the frequency of the electromagnetic field, 
Here  e d and  e Q are respectively  and  components of the dipole moments and of the quadrupole moments tensor.
4
As it is well known from usual spectroscopy, one usually takes into account only the dipole interaction since the quadrupole terms are very small. However, since the interaction in surface enhanced spectroscopy arises in a surface field but not in the field in a free space, the characteristic length of the change of the electric field is l , which has a sense of the characteristic size of the roughness. The role of the quadrupole interaction strongly increases because of a strong increase of the For estimation of the relative role of the quadrupole interaction with respect to the dipole one, one can take the value
where
is a relation of some mean values of matrix elements of the quadrupole and dipole moments, a is the size of the molecule, [5] . One should note that in accordance with (6) it is sufficiently crude estimation, which depends on  . However, the fact that it is a large 6 value 2 10 is sufficient. Taking into account that SERS is the process of the second order and depends from two processes, absorption and spontaneous emission of the light, the enhancement in SERS due to a pure dipole interaction is
and due to the pure quadrupole interaction is
Their relation is
One can see from (7, 8) 
the quadrupole interaction becomes larger, than the dipole one. From (7) (8) (9) (10) 
In [2] one can find an evident expression for the cross-section, which is very cumbersome and therefore is omitted here.
In (11) f (Figure 1 ). In accordance with [2] , these contributions obey selection rules The case of single molecule detection refers to the one of a very strong enhancement, when the quadrupole interaction with the main quadrupole moments must be significantly stronger, than the enhanced dipole interaction. Let us designate the contributions into the cross-section . Therefore, further we point out the same irreducible representation for some lines, which change their position in the indicated interval.
In accordance with the results of [8] , it was demonstrated that both in the SERS and SEHRS spectra, the most part of lines can be assigned to the vibrations both with the unit irreducible representations adsorbed on the dimer silver lattice [9] . However, it is necessary to note that this conclusion is valid for nanoparticles with sharp points and which are in a "sufficiently large distance" one from another. In [11] , the authors used the TERS technic, when the gold tip figure 6 ). This fact indicates that in spite of the quadrupole interaction plays a major role in the enhancement in this case. However, the strong dipole interaction is sufficiently strong that causes appearance of the above line.
Conclusion
Thus investigation of the SERS spectra of 4,4'-bipyruidine for a small amount, or single molecule detection on nanoparticles, which are sufficiently far one from another, indicates that practically all the lines, which were observed in the spectra, are , and describe transformational properties of other dipole moments are absent, that proves a minor role of the strong dipole interaction for these experimental conditions. In case of the use of the TERS technique, in spite of the predominant role of the quadrupole interaction, the dipole interaction can manifest itself in the spectra by appearance of forbidden lines, associated with the vibrations transforming after the irreducible representations, which describe transformational properties of the dipole moments. This result apparently is associated with an essential difference of the experimental geometry in TERS, compared with the use of the nanoparticles, which are placed sufficiently far one from another.
